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Background: To investigate the effect of edaravone on the postoperative cognitive function and cerebral
oxygen metabolism in elderly patients with spinal surgery.
Methods: One hundred and twenty patients undergoing elective thoracolumbar surgery, aged 65e75
years, were randomly divided into two groups: edaravone group (Group E, n¼ 60) and control group
(Group C, n¼ 60). At 30 minutes before anesthesia, the patients in Group E received 0.5 mg/kg edar-
avone, while the patients in Group C received the same volume of normal saline. Mini-mental state
examination (MMSE) was performed at 1 day before the operation, and 1 day and 4 days after the
operation.
Results: A total of 26 patients in both groups had postoperative cognitive dysfunction. Compared with
the preoperative MMSE scores, postoperative MMSE scores decreased signiﬁcantly in both groups
(p< 0.05) and the reduction in the 1-day postoperative MMSE scores in Group E was remarkably lower
than that in Group C (p< 0.05).
Conclusion: Edaravone can reduce the incidence of early postoperative cognitive dysfunction in elderly
patients. The underlying mechanism may be related to improvement of cerebral oxygen metabolism.
Copyright © 2016, Taiwan Society of Geriatric Emergency & Critical Care Medicine. Published by Elsevier
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).1. Introduction
Postoperative cognitive dysfunction (POCD) is an acute mental
disorder syndrome caused by multiple-factor-induced deteriora-
tion of neurotransmitter system disorder in elderly people on the
basis of central nervous system degeneration1. More than 200 years
ago, it was ﬁrst reported that postoperative amnesia symptoms
occurred in elderly patients undergoing surgery with general
anesthesia. And about 100 years ago, postoperative behavior dis-
order was ﬁrst reported. However, the term POCD had just emerged
and was clearly deﬁned in recent decades2. There are many factors
that can cause POCD. It has been reported that postoperative
mental disorders are often the combined result of many factors,
including advanced age, psychological and environmental factors,re that they have no conﬂicts
nesthesiology, the Afﬁliated
hong road, Qingdao 266000,
tric Emergency & Critical Care Med
es/by-nc-nd/4.0/).type and time of anesthesia, intraoperative hypoxemia and hypo-
tension, hypertension, coronary heart disease, and diabetes3e6. One
study also reported that the occurrence of POCD may be associated
with cerebral oxygen metabolism7. A multicenter study showed
that the incidence of POCD in elderly people undergoing non-heart
surgery is as high as 25.8% within 1 week4. To date, the drugs used
for improving cognitive function include cholinomimetics, cholin-
esterase inhibitors, calcium antagonists, and alkaloids8. As a new
type of oxygen free radical scavenger, edaravone has good curative
effect when it is used clinically for brain protection9. In this study,
we aimed to explore the effect of edaravone on postoperative
cognitive function and cerebral oxygen metabolism in elderly pa-
tients who underwent thoracolumbar surgery in our hospital, so as
to provide some references for clinical medication.2. Methods
2.1. Patients
One hundred and twenty elderly patients undergoing elective
thoracolumbar surgery with general anesthesia were enrolled inicine. Published by Elsevier Taiwan LLC. This is an open access article under the CC
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eration was given to their gender. All patients were American
Society of Anesthesiologists Grade I or Grade II, without obvious
abnormal preoperative coagulation and kidney function. Patients
with severe lung disease, hypertension, abnormal blood sugar, or
identiﬁed neurological or psychiatric disorders were excluded.
Patients with cognitive dysfunction before surgery were also
excluded by mini-mental state examination (MMSE). This study
was conducted in accordance with the Declaration of Helsinki.
This study was approved by the Ethics Committee in our hospital
and written informed consent from each patient was also
obtained.
2.2. Grouping and treatment
The patients were divided into two groups according to the
random digits table method: edaravone group (Group E, n¼ 60)
and control group (Group C, n¼ 60). At 30 minutes before anes-
thesia, the patients in Group E received 0.5 mg/kg edaravone
(Nanjing Simcere Pharmaceutical Co., Ltd., Nanjing, China) by
intravenous drip, while the patients in Group C received the same
volume of normal saline.
2.3. Anesthesia
No premedication was applied to any patient before anesthesia
induction. After the patients were sent into the operating room, a
peripheral venous pathway was opened and intravenously dripped
with lactic acid solution. Under local anesthesia, radial artery
puncture and catheterization were carried out to monitor blood
pressure and collect blood samples for blood gas analysis (GEM
Premier 3000; Instrumentation Laboratory, Bedford, MA, USA).
Electrocardiogram, heart rate, and peripheral capillary oxygen
saturation of the patients were regularly monitored. After intra-
venous injection of 0.4 mg/kg sufentanil, 1e2 mg/kg propofol and
0.5 mg/kg rocuronium, the patients received an oral tracheal can-
nula and mechanical ventilation with an anesthesia machine
(Dr€ager, Hanseatic City of Lubeck, Germany). The tidal volume was
8e10 mL/kg and inspiratory/expiratory volume was 1:2, with a
ventilatory frequency of 10e12 times per minute. End tidal CO2
tension was maintained between 35 mmHg and 40 mmHg
(1 mmHg¼ 0.133 kPa). After intubation, retrograde puncture and
catheterization were performed via the right internal jugular vein,
leaving the catheter tip in the bulbar zone of the internal jugular
vein. The tube was sealed with heparin for subsequent blood
collection. Anesthesiawasmaintained with a trace pump at a speed
of 4e6 mg/kg/h of propofol and discontinuous addition of 0.5 mg/
kg atracurium for maintaining muscle relaxation. During the
operation and according to the hemodynamic changes, 0.1e0.2 mg
additional fentanyl could be used. After surgery, the endotracheal
tube was withdrawn when the patient awakened and spontaneous
breathing recovered (tidal volume > 6 mL/kg and respiratory fre-
quency > 10 times/min). The patients were sent to the anesthesia
recovery room with an oxygen mask and routinely monitored.
2.4. MMSE score
MMSE score was measured 1 day before the operation, and
1 day and 4 days after the operation for evaluating the cognitive
function of each patient. Cognitive function was quantitatively
evaluated by asking each patient a series of problems, including the
directive force of the time and place, attention, calculation ability,
short-term review of words, immediate memory, and ability to
copy a graph. POCD was deﬁned as postoperative MMSE score be-
ing reduced by 2 points as compared with the preoperative MMSEscore. The highest MMSE score was 30 points, and > 27 points was
regarded as normal10.2.5. Blood gas analysis
Blood samples were collected synchronously from the radial
artery and the bulbar zone of the internal jugular vein immediately
after anesthesia induction (T0), 1 hour after anesthesia induction
(T1), and immediately after the operation (T2) for blood gas analysis.
The speed of blood withdrawal from the internal jugular vein was
about 1 mL/min. Arterial oxygen content (CaO2), internal jugular
vein oxygen content (CjvO2), arteriovenous oxygen content differ-
ence (Da-jvO2), and cerebral extraction of oxygen (CERO2) were
calculated according to the following formula:
CaO2¼1.34Hb SaO2 þ 0.0031 PaO2; (1)
CjvO2¼1.34Hb SjvO2 þ 0.0031 PjvO2; (2)
Ca e jvO2¼ CaO2 e CjvO2; (3)
CERO2¼Da e jvO2 / CaO2 100%. (4)
where Hb¼ hemoglobin; SaO2¼ arterial oxygen saturation;
SjvO2¼ internal jugular venous oxygen saturation; PaO2¼ arterial
oxygen partial pressure; and PjvO2¼ internal jugular venous blood
oxygen partial pressure.2.6. Statistical analysis
SPSS version 15.0 statistical software (SPSS Inc., Chicago, IL, USA)
was used to process the data in this study. Measurement data were
shown as mean± standard deviation. One-factor analysis of vari-
ance was used to compare the data among the groups and unitizing
t test was performed for comparison between two groups.
Enumeration datawere compared using the c2 test. A p value< 0.05
was considered to be statistically signiﬁcant.3. Results
3.1. General data
The age, gender, weight, American Society of Anesthesiologists
grade, anesthesia time, CaO2, red blood cell count, and hemoglobin
did not differ signiﬁcantly between the edaravone group and con-
trol group (p> 0.05, Table 1).3.2. MMSE scores
Compared with the preoperative MMSE scores, the MMSE
scores in both groups were signiﬁcantly reduced at 1 day after the
operation (p< 0.05). Additionally, the reduction of MMSE scores in
Group E was signiﬁcantly lower than that in Group C (p< 0.05,
Table 2).3.3. Incidence of POCD
A total of 26 cases of POCD occurred at 1 day after the operation,
including 10 in Group E (16.7%) and 16 in Group C (26.7%), showing
a signiﬁcant difference between the two groups (p< 0.05).
Table 1
Comparison of general data between the two groups.
Groups Age (y) Weight (kg) Gender (M/F) ASA grade (I/II) Anesthesia time (min) CaO2 (mL/L) RBC (1012/L) Hemoglobin (g/L)
Group E 66.2± 2.7 65.2± 1.8 38/22 36/24 214.2± 1.8 164.5± 20.2 4.3± 0.08 13.7± 0.6
Group C 67.1± 3.8 64.5± 2.6 36/24 38/22 220.6± 2.6 165.3± 21.3 4.2± 0.09 12.5± 0.8
Data for 120 patients are shown as mean± standard deviation.
ASA¼American Society of Anesthesiologists; CaO2¼ arterial oxygen content; F¼ female; M¼male; RBC¼ red blood cell count.
Table 2
Comparison of MMSE scores between the two groups.
Groups 1d before operation 1 d after operation 4 d after operation
Group E 28.8± 1.6 23.7 ± 3.6a,b 28.2± 1.6
Group C 28.3± 2.2 21.3 ± 1.4a 28.1± 2.3
Data for 120 patients shown as mean± standard deviation.
a p< 0.05 versus 1d before operation.
b p< 0.05 versus Group C.
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At the time point of T1 and T2, Da-jvO2 and CERO2 in Group E
were signiﬁcantly lower than those at T0 and those in Group C
(p< 0.05, Table 3).
4. Discussion
POCD is a common central nervous system complication of
surgery with anesthesia, which is likely to occur in patients aged >
65 years, and it is characterized by disorders of memory, abstract
thinking, and directive ability. Meanwhile, it is accompanied by the
loss of social activities, namely, changes of personality, social abil-
ities, and skills11. A multicenter study shows that the incidence of
POCD in elderly patients undergoing non-heart surgery was 25.8%
within 1 week after the operation12. However, to date, the cause of
POCD is still unclear. Some reports point out that general anes-
thetics, hypoxemia, hyperlipidemia, and low blood pressure are the
risk factors for POCD. Moreover, there are also some reports sug-
gesting that advanced age, long anesthesia time, and low education
level are risk factors for early POCD. However, only advanced age is
a risk factor for long-term POCD13,14. Recently, a large number of
studies have suggested that cerebral oxygenmetabolism disorder is
one of the main reasons for POCD.
MMSE score is one of the most inﬂuential cognitive impairment
screening tools, which is suitable for evaluating the cognitive
dysfunction of aging. Although it is widely recognized that elderly
people are prone to POCD, the duration of the condition varies.
Some reports show that POCD tends to occur at 1e3 days post-
operatively15. In the present study, at 1 day after the operation, theTable 3
Changes in cerebral oxygen metabolism index.
Parameters Groups No. of cases
CaO2 (mL/L) Group E 60
Group C 60
CjvO2 (mL/L) Group E 60
Group C 60
Da-jvO2 (mL/L) Group E 60
Group C 60
CERO2 (%) Group E 60
Group C 60
Data shown as mean± standard deviation.
CaO2¼ arterial oxygen content; CERO2¼ cerebral extraction of oxygen; CjvO2¼ interna
T0¼ immediately after anesthesia induction; T1¼ 1 hour after anesthesia induction; T2¼
a p< 0.05 versus T0.
b p< 0.05 versus Group C.MMSE scores in both groups decreased signiﬁcantly as compared
with those before the operation (p< 0.05). In addition, after treat-
ment with edaravone, the MMSE score of the patients was reduced
less signiﬁcantly than in Group C, suggesting that POCD in the
elderly patients was improved. There was no signiﬁcant difference
between the two groups in MMSE scores at 4 days after the oper-
ation. This may be related to the duration, different methods of
anesthesia, and the anesthetics16. Simultaneously, the reason may
be that the inﬂuence of anesthesia on cognitive function had dis-
appeared. Edaravone is used temporarily during the operation, and
the protective effect on the brain disappeared after 4 days, there-
fore, there was no signiﬁcant difference between the two groups.
As the ﬁrst free radical scavenger to be recognized, edaravone
has strong inhibitory effects on free radical damage. It acts by
removing reactive oxygen molecules in the body and reducing
brain edema, so as to inhibit late-onset neural cell death, thereby
protecting the brain11. However, whether it can prevent POCD in
elderly patients has not been reported yet. One study on the effect
of edaravone on the behavior of rats with vascular cognitive
dysfunction has shown that edaravone can improve the memory,
ability to learn, and behavior by inhibiting the inﬂammatory reac-
tion and improving vascular repair17. Our results suggested that
perioperative application of edaravone can reduce POCD in elderly
patients after surgery with general anesthesia.
The central nervous system is one of the most sensitive organs
to ischemia and hypoxia. The oxygen supply and oxygen demand of
the brain tissue are two important indicators reﬂecting oxygen
metabolism in brain tissue. Blood in the internal jugular vein bulbar
zone is the backﬂow directly from the brain, which is often clini-
cally used to substitute the cerebral venous blood for measuring its
SjvO218. Combined with Da-jvO2 and CERO2, it can reﬂect the bal-
ance of the cerebral oxygen supply and demand. The reduction of
Da-jvO2 and CERO2 suggests that the oxygen consumption of brain
tissue decreases and the oxygen supply is sufﬁcient, while a rise of
Da-jvO2 and CERO2 indicates the relative increase of cerebral oxy-
gen consumption and the inadequate oxygen supply in brain tissue.
Zhang et al19 reported that insufﬁciency of cerebral oxygen supply
can lead to excess production of lactic acid in brain tissue, which
increases the incidence of POCD. Various surgical proceduresT0 T1 T2
164.5± 20.2 163.5± 19.7 165.5± 20.1
165.3± 21.3 166.5± 20.2 166.3± 18.5
111.3± 17.9 121.7± 15.0 122.1± 16.5
113.5± 17.5 115.7± 17.5 114.4± 15.2
50.2± 14.3 40.3 ± 13.5a,b 41.1 ± 12.5a,b
50.8± 15.2 52.7± 13.7 51.8± 11.8
30.2± 5.5 25.2 ± 5.2a,b 25.3 ± 6.3a,b
31.1± 6.2 30.7± 6.8 31.7± 6.1
l jugular vein oxygen content; Da-jvO2¼ arteriovenous oxygen content difference;
immediately after the operation.
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smoother, less complicated recovery20. In this study, we found that
the Da-jvO2 and CERO2 in Group E were reduced at 1 hour after
anesthesia induction and at the end of the surgery, suggesting that
edaravone can reduce cerebral oxygen consumption and improve
cerebral oxygen supply, with the extensive application of anes-
thetics, and thereby reduce the occurrence of POCD.
In conclusion, edaravone can improve early POCD in elderly
patients undergoing spinal surgery. It reduces the occurrence of
POCD, probably by reducing cerebral oxygen consumption and
improving cerebral oxygen supply. The underlying mechanism
needs further exploration.
References
1. Leentjens AF, van der Mast RC. Delirium in elderly people: an update. Curr Opin
Psychiatry. 2005;18:325e330.
2. Ancelin ML, De Roquefeuil G, Ritchie K. Anaesthesia and postoperative cogni-
tive dysfunction in elderly: a review of clinical and epidemiological observa-
tions. Rev Epidemiol Sante Publique. 2000;48:459e472.
3. Monk TG, Weldon BC, Garvan CW, et al. Predictors of cognitive dysfunction
after major noncardiac surgery. Anesthesiology. 2008;108:18e30.
4. Muller SV, Krause N, Schmidt M, et al. Cognitive dysfunction after abdominal
surgery in elderly patients. Z Gerontol Geriatr. 2004;37:475e485.
5. Wang XB, Huang GS, Li WB. The prevention and treatment of postoperative
delirium in elderly patients. Chin J Geriatr. 2003;22:126e128.
6. Cai YR, Xue ZH, Zhu B. Risk factor contributing to postoperative cognitive
dysfunction in elderly patients. J Clin Anesthesiol. 2006;22:608e610.
7. Cai YR, Xue ZH, Zhu B. Relationship between postoperative cognitive
dysfunction after major non-cardiac surgery and intraoperative cerebral oxy-
gen metabolism in elder patients. Chin J Anesthesiol. 2008;28:434e436.8. Qiu WD, Yang JY, Shen TYQ, et al. The effect of huperzine on cognitive
dysfunction after abdominal surgery in elder patients. Pharmaceut J Chin Peo-
ple’s Liberation Army. 2009;25:222e224.
9. Huang CH, Cai ZHI Y, Zeng LQ. The study of edaravone on serum 1L-1b, TNF-a of
cerebral hemorrhage patients. Chongqing Med. 2008;37:728e729.
10. Cao JG, Hong T, Wen DX, et al. Morbidity and related factors of postoperative
mental and cognitive disorder in elderly patients. Shanghai Med J. 2005;28:
939e941.
11. Dodds C, Allison J. Postoperative cognitive deﬁcit in the elderly surgical patient.
Br J Anaesth. 1998;81:449e462.
12. Moller JT, Cluitmans P, Rasmussen LS, et al. Long-term postoperative cognitive
dysfunction in the elderly IS-POCD study. Lancet. 1998;351:857e861.
13. Casati A, Fanelli G, Piteropaoli P, et al. Monitoring cerebral oxygen saturation in
elderly patients undergoing general abdominal surgery: a prospective cohort
study. Eur J Anaesthesiol. 2007;24:59e65.
14. Zhou F, Li ZHR, Yu JB. The research progress in pathophysiology of post-
operative cognitive dysfunction. Med Rev. 2011;17:1026e1029.
15. Lin LY, Lin CZ. Clinical analysis on cognitive dysfunction early after non-cardiac
surgery in elderly patients. J Clin Anesthesiol. 2010;26:8e10.
16. Cai ZY, Yan Y, Zhang J, et al. Upregulation of VEGF and downregulation of IL-1b,
TNF-a by edaravone in rats with vascular cognitive impairment. J Chongqing
Med Univ. 2009;34:66e70.
17. Lv JY, Zhou HY. The effect of postoperative cognitive dysfunction in elderly
patients with different anesthetic methods. Chin J Gerontol. 2011;31:677e679.
18. Jansen GF, van Praagh BH, Kedaria MB, et al. Jugular bulb oxygen saturation
during propofol and isoﬂurane/nitrous oxide anesthesia in patients undergoing
brain tumor surgery. Anesth Analg. 1999;89:358e363.
19. Zhang TJ, Hang YN, Gao Y, et al. Relationship between cerebral oxygen meta-
bolism during coronary artery bypass graft and postoperative mental disorders
in geriatric patients. Chin J Anesthesiol. 2003;23:805e808.
20. Chien CY, Wang SS. Coronary artery bypass in octogenarians. Int J Gerontol.
2012;6:155e159.
